









Wage Dispersion and Job Turnover: 










This paper uses Swedish establishment-level panel data to test the hypothesis of a 
positive relation between the degree of wage compression and job reallocation as 
proposed by Bertola and Rogerson (1997). The effect of wage dispersion on job 
turnover is negative and significant in the manufacturing sector. The wage com-
pression effect is stronger on job destruction than on job creation, suggesting that 
wages are more downward than upward rigid. Further results include (i) a strong 
positive relationship between the industry share of temporary employees and job 
turnover and (ii) a negative relationship between the amount of working-time flexi-
bility and job reallocation.  
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acknowledged.  4 Lqwurgxfwlrq
Lq wkh sdvw ghfdgh/ wkh udwh ri mre uhdoorfdwlrq lq glhuhqw pdunhwv
kdv ehhq hvwlpdwhg lq qxphurxv hpslulfdo vwxglhv14 Vwxglhv edvhg
rq XV dqg Hxurshdq gdwd |lhog yhu| vlplodu uhvxowv= wkh jurvv
mre wxuqryhu udwh lv dssur{lpdwho| 53 shufhqw lq wkh revhuyhg
frxqwulhv1 Jlyhq wkh odujh lqvwlwxwlrqdo glhuhqfhv lq whupv ri
mre vhfxulw| ohjlvodwlrq dqg xqlrql}dwlrq/ wkh vlplodulw| ehwzhhq
Hxursh dqg wkh XV pd| vhhp vxusulvlqj1
Rqh srvvleoh h{sodqdwlrq iru vlplodu oderu uhdoorfdwlrq udwhv
dfurvv oderu pdunhwv zlwk yhu| glhuhqw hpsor|phqw0surwhfwlrq
ohjlvodwlrqv frqfhuqv glhuhqfhv lq zdjh vhwwlqj lqvwlwxwlrqv1 Ehu0
wrod dqg Urjhuvrq +4<<:, dujxh wkdw dowkrxjk mre0vhfxulw| odzv
ohdg wr orzhu mre  rzv/ wkhlu lpsdfw pljkw eh uhgxfhg li rwkhu
lqvwlwxwlrqdo glhuhqfhv kdyh rssrvlwh hhfwv1 Rqh vxfk glhuhqfh
lv zdjh vhwwlqj1 Zdjh vhwwlqj lqvwlwxwlrqv duh/ lq jhqhudo/ pxfk
pruh fhqwudol}hg lq Hxursh wkdq lq wkh XV zklfk/ lq wxuq/ ohdgv
wr juhdwhu xqliruplw| ri zdjhv dfurvv lqgxvwulhv dqg upv1 D
frpsuhvvhg zdjh vwuxfwxuh lpsolhv wkdw upv fdqqrw dgmxvw zdjhv
dv d uhvsrqvh wr srvlwlyh ru qhjdwlyh ghpdqg vkrfnv1 Lqvwhdg/ wkh|
zloo kdyh wr dgmxvw hlwkhu wkh qxpehu ri hpsor|hhv ru wkh qxpehu
ri krxuv zrunhg e| wkh zrunirufh1 Wklv lpsolhv/ doo hovh htxdo/
wkdw wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq wkh ghjuhh ri zdjh
frpsuhvvlrq dqg wkh pdjqlwxgh ri jurvv mre  rzv15
Ehuwrod dqg Urjhuvrq*v frqfoxvlrq lv wkdw zkhq oderu surwhf0
wlrq odzv dqg zdjh vhwwlqj lqvwlwxwlrqv duh frqvlghuhg mrlqwo|/ wkh
uhvxow pljkw yhu| zhoo eh wkdw mre  rzv lq frxqwulhv zlwk kljk
dgmxvwphqw frvwv dqg d frpsuhvvhg zdjh vwuxfwxuh plplf wkrvh
lq frxqwulhv zlwk orz dgmxvwphqw frvwv dqg ghfhqwudol}hg zdjhv1
Li zdjh0vhwwlqj lqvwlwxwlrqv kdyh d vljqlfdqw hhfw rq wkh uhdo0
￿
Vhh Gxqqh hw do1 +4<;<,/ Ohrqdug +4<;:, dqg Gdylv dqg Kdowlzdqjhu +4<<5/4<<:/4<<<, iru
mre  rzv1 Derzg hw do1 +4<<<,/ Dqghuvrq dqg Ph|hu +4<<7,/ Odqh hw do1 +4<<9,/ Kdphuphvk
hw do1 +4<<9, dqg Doehdfn dqg Vùuhqvhq +4<<;, vwxg| erwk mre0 dqg zrunhu  rzv1 Wkuhh
Vzhglvk vwxglhv duh Dqghuvvrq +4<<<,/ Dudl dqg Kh|pdq +5335, dqg Shuvvrq +4<<;,1
￿
D vlplodu uhodwlrqvkls fdq eh irxqg lq Prhqh dqg Zdoohuvwhlq +4<<:,1 Wkh| lqyhvwljdwh
wkh hhfwv rq jurzwk ri zdjh frpsuhvvlrq wkurxjk fhqwudol}hg edujdlqlqj1
4orfdwlrq ri mrev/ wklv pd| sduwo| h{sodlq wkh uhsruwhg vlplodulwlhv
ehwzhhq Hxurshdq dqg XV mre uhdoorfdwlrq udwhv1
Hylghqfh suhvhqwhg lq RHFG +4<<6/ 4<<9, dqg Eodx dqg Ndkq
+4<<9, lv frqvlvwhqw zlwk wkh qrwlrq wkdw zdjhv duh pruh frp0
suhvvhg lq Hxursh wkdq lq wkh XV1 Lw dovr lqglfdwhv wkdw zdjh vhw0
wlqj lqvwlwxwlrqv dqg wkh ghjuhh ri zdjh frpsuhvvlrq pd| yhu| zhoo
eh dq lpsruwdqw idfwru ehklqg revhuyhg vlplodulwlhv ehwzhhq Hxur0
shdq dqg XV jurvv mre  rzv1 Krzhyhu/ wkh Ehuwrod dqg Urjhuvrq
prgho kdv qrw ehhq hpslulfdoo| whvwhg1
Wkh sxusrvh ri wklv sdshu lv wr hpslulfdoo| whvw wkh Ehuwrod dqg
Urjhuvrq k|srwkhvlv ri d srvlwlyh uhodwlrqvkls ehwzhhq wkh ghjuhh
ri zdjh frpsuhvvlrq dqg mre wxuqryhu rq Vzhglvk sdqho gdwd1 Lq
rughu wr dffrpprgdwh wkh Vzhglvk lqvwlwxwlrqdo iudphzrun/ wkh
Ehuwrod dqg Urjhuvrq prgho lv h{whqghg e| lqwurgxflqj wkh suhv0
hqfh ri wzr w|shv ri hpsor|phqw frqwudfwv dqg dovr wdnlqj lqwr
dffrxqw wkdw wrwdo oderu lqsxw lv d ixqfwlrq ri erwk wkh qxpehu
ri hpsor|hhv dqg wkh krxuv zrunhg1
Wkh uvw h{whqvlrq zloo doorz iru glvwlqfwlrq ehwzhhq glhuhqw
w|shv ri hpsor|phqw frqwudfwv1 Wkh suhvhqfh ri {hg0whup frq0
wudfwv zlwk orz dgmxvwphqw frvwv pdnhv hpsor|phqw pruh uhvsrq0
vlyh wr vkrfnv lq oderu ghpdqg dqg khqfh/ pruh yrodwloh1 Krzhyhu/
yrodwloh whpsrudu| hpsor|phqw frqwudfwv fdq frh{lvw zlwk pruh
vwdeoh hpsor|phqw iru hpsor|hhv zlwk shupdqhqw frqwudfwv1 Wklv
fdq srvvleo| ohdg wr d vhjphqwhg oderu pdunhw zkhuh rqh jurxs
ri zrunhuv zlwk xqvwdeoh hpsor|phqw dfwv dv d exhu iru fkdqjhv
lq oderu ghpdqg1 Wkh vhfrqg h{whqvlrq wdnhv lqwr dffrxqw wkdw
lq uhvsrqvh wr d qhjdwlyh vkrfn/ upv fdq fkrrvh ehwzhhq uhgxf0
lqj wkh qxpehu ri hpsor|hhv dqg sd|lqj wkh uhohydqw dgmxvwphqw
frvwv/ ru dgmxvwlqj wkh qxpehu ri krxuv zrunhg e| wkh h{lvwlqj
hpsor|hhv1
Dowkrxjk wkh Ehuwrod dqg Urjhuvrq prgho lv frqvwuxfwhg wr h{0
sodlq glhuhqfhv ehwzhhq hfrqrplhv/ wklv sdshu zloo xvh Vzhglvk
gdwd wr dqdo|}h wkh uhodwlrqvkls ehwzhhq zdjh frpsuhvvlrq dqg
mre uhdoorfdwlrq dw wkh lqgxvwu| ohyho/ l1h1 h{soruh lqgxvwu|0yduldwlrq
5zlwklq Vzhghq1 Wkh dgydqwdjh zlwk wklv dssurdfk frpsduhg wr d
frpsdudwlyh vwxg| ehwzhhq glhuhqw frxqwulhv/ lv wkdw frqwuroolqj
iru glhuhqfhv wkdw pd| dhfw mre uhdoorfdwlrq udwhv/ lq dgglwlrq wr
wkh zdjh glvwulexwlrq/ lv pruh pdqdjhdeoh ehwzhhq lqgxvwulhv/ ru
ryhu wlph/ lq wkh vdph frxqwulhv udwkhu wkdq ehwzhhq hfrqrplhv16
Wkh gdwd frqwdlq txduwhuo| lqirupdwlrq rq hvwdeolvkphqw hpsor|0
phqw wxuqryhu dqg zdjhv iru d sdqho ri pruh wkdq 43/333 hvwde0
olvkphqwv lq wkh Vzhglvk sulydwh vhfwru/ fryhulqj wkh wlph shulrg
4<<5=6 wr 4<<<=51
Wkh uhvxowv vxjjhvw vxevwdqwldo vhfwru khwhurjhqhlw|1 Lq wkh
suhihuuhg prgho/ lqgxvwu| khwhurjhqhlw| lv frqwuroohg iru e| xvlqj
{hg hhfwv1 Wkh hhfw ri zdjh glvshuvlrq rq mre wxuqryhu lv qhjd0
wlyh dqg vljqlfdqw lq wkh pdqxidfwxulqj vhfwru1 Wklv vxssruwv wkh
Ehuwrod dqg Urjhuvrq k|srwkhvlv wkdw d pruh frpsuhvvhg zdjh
vwuxfwxuh zloo uhvxow lq kljkhu mre uhdoorfdwlrq udwhv1 Hvwlpdwlqj
vhsdudwh prghov iru mre fuhdwlrq dqg ghvwuxfwlrq vkrz d qhjd0
wlyh dqg vljqlfdqw hhfw ri zdjh glvshuvlrq rq mre ghvwuxfwlrq/
zkhuhdv wkh hhfw lv lqvljqlfdqw lq wkh mre fuhdwlrq0htxdwlrq1
Wkhvh uhvxowv duh frqvlvwhqw zlwk zdjhv ehlqj pruh uljlg grzq0
zdugv wkdq xszdugv1 Qr vxssruw iru wkh Ehuwrod dqg Urjhuvrq
prgho lv irxqg lq wkh qrq0pdqxidfwxulqj vhfwru1
Dq lvvxh wr frqvlghu lv hqgrjhqhlw| ri wkh zdjh glvshuvlrq ydul0
deoh1 L lqyhvwljdwh wklv e| shuiruplqj LY0hvwlpdwlrq1 Krzhyhu/
uhvxowv iurp Kdxvpdq whvwv vkrz wkdw h{rjhqhlw| fdq qrw eh uh0
mhfwhg1
Ixuwkhu uhvxowv lqfoxgh +l, d vwurqj srvlwlyh uhodwlrqvkls eh0
wzhhq wkh lqgxvwu|0vkduh ri whpsrudu| hpsor|hhv dqg mre wxuqryhu
dqg +ll, d qhjdwlyh uhodwlrqvkls ehwzhhq wkh dprxqw ri zrunlqj0
wlph  h{lelolw| dqg mre uhdoorfdwlrq1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq
5 jlyhv d eulhi ghvfulswlrq ri wkh Vzhglvk oderu ohjlvodwlrq dqg
￿
Pruhryhu/ gxh wr gdwd txdolw| frqvlghudwlrqv vxfk dv frxqwu| glhuhqfhv lq vdpsoh fry0
hudjh/ ghqlwlrqv ri hvwdeolvkphqwv/ wkh delolw| wr olqn hvwdeolvkphqwv ryhu wlph dqg vhfwru
fryhudjh/ furvv0frxqwu| frpsdulvrqv rq jurvv mre  rzv dqg zdjh glvshuvlrq duh sureohpdwlf1
Wkhvh sureohpv duh glvfxvvhg lq Gdylv dqg Kdowlzdqjhu +4<<<,1
6dovr ghvfulehv wkh Vzhglvk zdjh0vhwwlqj v|vwhp1 D wkhruhwlfdo
prgho olqnlqj zdjh vhwwlqj/ hpsor|phqw surwhfwlrq ohjlvodwlrq dqg
wxuqryhu ri mrev lv suhvhqwhg lq Vhfwlrq 61 Vhfwlrq 7 ghvfulehv wkh
gdwd1 Wkh hpslulfdo vshflfdwlrq lv jlyhq lq Vhfwlrq 81 Vhfwlrq 9
uhsruwv hvwlpdwlrq uhvxowv dqg glvfxvvhv wkhlu lpsolfdwlrqv iru wkh
revhuyhg vw|ol}hg idfw wkdw Hxurshdq dqg XV jurvv mre  rzv duh
ri wkh vdph pdjqlwxgh1 Vhfwlrq : frqfoxghv1
5 Oderu Pdunhw Ohjlvodwlrq dqg Zdjh Irupd0
wlrq lq Vzhghq
514 Oderu Pdunhw Ohjlvodwlrq
Wkh Vzhglvk Hpsor|phqw Surwhfwlrq Dfw +ODV, kdv wudglwlrqdoo|
ehhq exlow rq wzr sulqflsohv= shupdqhqw frqwudfwv iru dq lqghqlwh
shulrg ri wlph dv wkh qrupdo w|sh ri hpsor|phqw dqg glvplvvdov
edvhg rq d mxvw fdxvh rqo|1 Wkh ohjlvodwlrq dovr frqwdlqv uxohv rq
qrwlfdwlrq shulrgv dqg sulrulw| uxohv lq fdvh ri od|rv17 Wkh odvw
wzr ghfdghv kdyh/ krzhyhu/ vhhq d judgxdo olehudol}dwlrq ri wkh
oderu odzv1 Iru lqvwdqfh/ lq 4<;5 wkh xvh ri {hg0whup frqwudfwv
zdv uhod{hg zlwk wkh lqwurgxfwlrq ri d wuldo shulrg1 Vwulfw sulrulw|
uxohv vxfk dv odvw lq/ uvw rxw/ kdyh dovr ehhq uhod{hg1
Wkh Vzhglvk oderu ohjlvodwlrq lv pxfk pruh uhvwulfwlyh iru shu0
pdqhqw wkdq iru whpsrudu| frqwudfwv1 Lq rughu wr uhvwulfw wkh xvh
ri whpsrudu| frqwudfwv/ ODV jlyhv d olvw ri fdvhv lq zklfk {hg0
whup frqwudfwv duh doorzhg18 Wkh prvw lpsruwdqw fdvhv zkhuh
wlph0olplwhg frqwudfwv duh shuplwwhg duh +l, rqh wuldo shulrg ri vl{
￿
Lq frpsdulvrq/ wkh XV v|vwhp lv fkdudfwhul}hg e| olwwoh vwdwxwru| uhjxodwlrq dw wkh ihghudo
ohyho dqg ydu|lqj ohjlvodwlrq ehwzhhq vwdwhv1 Wkh sulqflsoh ri hpsor|huv* uljkw wr kluh dqg uh
dw zloo olhv dw wkh edvlv ri Dphulfdq oderu ohjlvodwlrq1 Ixuwkhupruh/ hpsor|huv duh edvlfdoo|
iuhh wr ghwhuplqh wkh ohqjwk ri sulru qrwlfdwlrq/ vlqfh wkhuh duh qr vwdwxwru| surylvlrqv1
Rqo| lq d ihz vwdwhv duh glvplvvdov uhvwulfwhg e| vwdwxwru| uhtxluhphqwv ri mxvw fdxvh1 D
ihghudo odz/ jlylqj vrph surwhfwlrq wr zrunhuv lq fdvh ri pdvv od|rv/ lv irxqg lq wkh vr0
fdoohg Sodqw Forvlqj Dfw iurp 4<;;1 Ilqdoo|/ durxqg 58 shufhqw ri wkh Dphulfdq zrunhuv duh
surwhfwhg e| surylvlrqv lq froohfwlyh djuhhphqwv1
￿
Dgglwlrqdo srvvlelolwlhv iru {hg0whup frqwudfwv pd| eh fuhdwhg lq froohfwlyh djuhhphqwv
ehwzhhq hpsor|huv* dqg hpsor|hhv* rujdql}dwlrqv1
7prqwkv/ +ll, vhdvrqdo ru whpsrudulo| h{fhvvlyh zrun ordgv/ +lll, uh0
sodfhphqw ri hpsor|hhv rq ohdyh dqg d ihz rwkhu fdvhv1 Lq vrph
fdvhv/ wkhuh duh olplwdwlrqv wr wkh gxudwlrq ri wkh frqwudfw1 Hp0
sor|hhv duh/ iru h{dpsoh/ reoljhg wr wudqvirup d whpsrudu| frq0
wudfw lqwr d shupdqhqw rqh li wkh hpsor|hh kdv kdg wlph0olplwhg
frqwudfwv iru 6 |hduv lq d 80|hdu shulrg1
Lq 4<<:/ wkh uxohv frqfhuqlqj {hg0whup frqwudfwv zhuh uhod{hg
lq vr idu wkdw wkhvh frxog eh pdgh zlwkrxw vshfli|lqj dq remhfwlyh
uhdvrq/ xqghu wkh frqglwlrq wkdw qr pruh wkdq yh zrunhuv zhuh
hpsor|hg rq d {hg0whup edvlv dw wkh vdph wlph1 Ixuwkhupruh/
wkh pd{lpxp gxudwlrq ri whpsrudu| frqwudfwv zdv h{whqghg wr
4; prqwkv iru qhzo| hvwdeolvkhg upv1
Dv frqfhuqv wkh whuplqdwlrq frvwv ri hpsor|phqw frqwudfwv/
ODV lv pruh uhvwulfwlyh iru shupdqhqw wkdq iru whpsrudu| frq0
wudfwv1 Xqghu wkhvh flufxpvwdqfhv/ dq lqfuhdvh lq hpsor|phqw lq
d up lv olnho| wr vwduw e| dq lqfuhdvh lq wkh qxpehu ri whpsr0
udu| zrunhuv1 Lq wklv zd|/ upv rewdlq dq rswlrq wr wudqvirup
d iudfwlrq ri whpsrudu| frqwudfwv lqwr shupdqhqw rqhv li wkhuh
lv d ghfuhdvh lq wkh lqlwldo xqfhuwdlqw| derxw ghpdqgv1 Dqdor0
jrxvo|/ lq d grzqwxuq/ whpsrudu| frqwudfwv duh wkh uvw wr eh
whuplqdwhg1 Wkh orzhu whuplqdwlrq frvwv dvvrfldwhg zlwk whpsr0
udu| frqwudfwv hqdeoh upv wr uhgxfh dgmxvwphqw frvwv e| xvlqj
whpsrudu| zrunhuv dv d exhu iru hpsor|phqw dgmxvwphqw1 Wklv
lpsolhv odujhu yrodwlolw| iru whpsrudu| frqwudfwv dv frpsduhg wr
shupdqhqw frqwudfwv19
Wkh srvvlelolw| wr xvh  h{leoh zrunhuv lq wkh surgxfwlrq sur0
fhvv glhuv ehwzhhq upv lq glhuhqw lqgxvwulhv1 Wdeoh D4 lq wkh
Dsshqgl{ glvsod|v d odujh vhfwru0yduldwlrq lq wkh iudfwlrq ri whp0
srudu| zrunhuv1 Vhuylfh lqgxvwulhv olnh Wudgh/ Uhdo hvwdwh dqg
Rwkhu vhuylfhv kdyh wkh kljkhvw iudfwlrq/ zkhuhdv wkh orzhvw iudf0
wlrq lv irxqg lq wudglwlrqdo pdqxidfwxulqj lqgxvwulhv vxfk dv Pd0
￿
Vhh Vdlqw0Sdxo +4<<9,/ Fdeudohv dqg Krshqkd|q +4<<:,/ Dorqvr0Eruuhjr +4<<;,/ Erhul
+4<<<,/ Jrx{ hw do1 +5334, dqg Kropoxqg dqg Vwruulh +5335, iru dqdo|vhv ri whpsrudu| dqg
shupdqhqw hpsor|phqw1
8fklqhu|/ Hohfwulflw| dqg Wh{wlohv1 Wkhvh iudfwlrqv duh idluo| vwdeoh
ryhu wlph1
515 Zdjh Irupdwlrq
Ehjlqqlqj lq wkh 4<83*v/ Vzhglvk zdjh irupdwlrq zdv khdylo|
lq xhqfhg e| wkh sulqflsoh ri d vrolgdulw| zdjh srolf| iru vhy0
hudo ghfdghv1 Vrolgdulw| zdjh srolf| zlwk lwv hpskdvlv rq htxdo
sd| iru htxdo zrun zdv rqh ri wkh fruqhuvwrqhv ri wkh vr0fdoohg
Vzhglvk prgho1 Iurp dq lqgxvwuldo srolf| shuvshfwlyh/ wkh lghd
ehklqg htxdo sd| iru htxdo zrun zdv wr vhw suhvvxuh rq zhdn
upv/ dqg judgxdoo| irufh wkhp rxw ri wkh pdunhw/ wkhuhe| hq0
kdqflqj lqgxvwu| surgxfwlylw|1 Dfwlyh oderu pdunhw srolf| kdg
wkh uroh ri doorfdwlqj oderu iurp ghfolqlqj wr h{sdqglqj lqgxvwulhv
dqg uhjlrqv1 D vrolgdulvwlf zdjh srolf| zdv dovr pdgh srvvleoh e|
d kljko| fhqwudol}hg zdjh edujdlqlqj v|vwhp1
Gxulqj wkh shulrg 4<890;6/ fhqwudoo| qhjrwldwhg zdjh djuhh0
phqwv zhuh pdgh e| wkh wzr pdlq sduwlhv rq wkh Vzhglvk oderu
pdunhw= wkh Vzhglvk Wudgh Xqlrq Frqihghudwlrq +OR, dqg wkh
Vzhglvk Hpsor|huv* Frqihghudwlrq +VDI,1 Wkhvh iudphzrun zdjh
djuhhphqwv zhuh wkhq iroorzhg e| qhjrwldwlrqv dw erwk wkh lqgxv0
wu| dqg orfdo ohyhov1 Fhqwudoo| qhjrwldwhg zdjh ohyhov zhuh pruh
ru ohvv elqglqj dqg riwhq lqfoxghg vshfldo orz zdjh surylvlrqv/
dlphg dw lqfuhdvlqj wkh uhodwlyh zdjh ri zrunhuv dw wkh orzhu hqg
ri wkh zdjh glvwulexwlrq1 Dv d uhvxow ri wkh hjdolwduldq zdjh sro0
lf|/ zdjh glvshuvlrq lq Vzhghq/ phdvxuhg dv wkh wrwdo yduldqfh
ri eoxh0froodu zrunhuv/ ghfolqhg e| :8 shufhqw ehwzhhq 4<95 dqg
4<;6 +vhh Kleev dqg Orfnlqj +5333,,1 Dv srlqwhg rxw e| Kleev
dqg Orfnlqj +5333,/ wkh Vzhglvk zdjh glvwulexwlrq zdv vr frp0
suhvvhg wkdw d uhodwlyh zdjh lqfuhdvh ri durxqg 63 shufhqw zdv
vx!flhqw wr fduu| d zrunhu iurp wkh 43wk wr wkh <3wk ghfloh ri wkh
zdjh glvwulexwlrq1
Wkh ghfolqh lq zdjh lqhtxdolw| hqghg lq wkh 4<;3*v dv d uh0
vxow ri wkh euhdngrzq ri fhqwudoo| qhjrwldwhg zdjh djuhhphqwv
ehwzhhq OR dqg VDI1 Zdjh djuhhphqwv diwhu 4<;6 kdyh sulpdu0
9lo| lqyroyhg lqgxvwu|0ohyho qhjrwldwlrqv1 Wklv lpsolhv wkdw Vzhghq
kdv jrqh iurp d wul0ohyho edujdlqlqj v|vwhp wr d wzr0ohyho v|v0
whp zlwk lqgxvwu|0 dqg sodqw0ohyho edujdlqlqj1 Ixuwkhupruh/ wkh
hjdolwduldq ylhz rq zdjh vhwwlqj zdv judgxdoo| glvvroyhg dqg sudf0
wlfdoo| glvdsshduhg durxqg 4<<31 Wkh hhfw ri wkhvh fkdqjhv lq
wkh zdjh0irupdwlrq surfhvv rq uhodwlyh zdjhv zdv txlwh gudpdwlf=
ehwzhhq 4<;6 dqg 4<<6/ wkh uhodwlyh zdjh glvshuvlrq lqfuhdvhg e|
dssur{lpdwho| 83 shufhqw +vhh Hglq dqg Kropoxqg +4<<5, dqg Kl0
eev dqg Orfnlqj +5333,,1 Wklv phdqv wkdw zdjh glvshuvlrq lq wkh
hduo| 4<<3*v zdv ri wkh vdph rughu ri pdjqlwxgh dv wkdw lq wkh
plg04<:3*v1 Wkh wuhqg wrzdugv lqfuhdvhg zdjh lqhtxdolw| frqwlq0
xhg lq wkh 4<<3*v/ kdqg lq kdqg zlwk d pruh ghfhqwudol}hg zdjh
edujdlqlqj v|vwhp1 Krzhyhu/ lq dq lqwhuqdwlrqdo shuvshfwlyh/ wkh
Vzhglvk zdjh glvwulexwlrq lv vwloo yhu| frpsuhvvhg1
6 Wkhruhwlfdo Prgho
Lq wkh prgho/ wkhuh duh wzr w|shv ri zrunhuv= wkrvh zlwk shupd0
qhqw frqwudfwv +,S, dqg wkrvh zlwk whpsrudu| frqwudfwv +,W,1 Wkh
frqwudfwv glhu lq klulqj dqg ulqj frvwv1 Dgmxvwphqw frvwv duh
kljkhu iru shupdqhqw frqwudfwv wkdq iru whpsrudu| rqhv1 Jlyhq
wkdw wkh hpsor|phqw ohjlvodwlrq frqfhuqlqj shupdqhqw dqg whp0
srudu| frqwudfwv lv lghqwlfdo lq doo lqgxvwulhv/ L dvvxph wkdw wkh
srvvlelolwlhv wr xvh whpsrudu| zrunhuv lq wkh surgxfwlrq surfhvv
lv h{rjhqrxv1 Wklv phdqv wkdw upv lq lqgxvwulhv zlwk d kljk
iudfwlrq ri whpsrudu| zrunhuv fdq xvh whpsrudu| frqwudfwv dv d
exhu iru vkliwv lq oderu ghpdqg/ wr d kljkhu ghjuhh wkdq upv
zlwk d orz iudfwlrq ri whpsrudu| hpsor|hhv1 Frqvhtxhqwo|/ frvwv
iru dgmxvwlqj wkh oderu irufh ehfrph orzhu iru upv zlwk d kljk
iudfwlrq ri whpsrudu| hpsor|hhv wkdq iru wkrvh zlwk d orz iudfwlrq
ri vxfk zrunhuv1
Lq hyhu| shulrg/ upv duh vxemhfw wr dq lglrv|qfudwlf ghpdqg
+ru surgxfwlylw|, vkrfn1 Zlwk d fhuwdlq suredelolw| wkh up lv
hlwkhu lq d jrrg vwdwh/ wJ/ ru lq d edg vwdwh/ wE/ zlwk wE
:?wJ1 Dv lq Ehuwrod +4<<3,/ L dvvxph wkh vwdwh ri hdfk up wr
eh fkdudfwhul}hg e| d wzr0vwdwh Pdunry surfhvv1 Wkh wudqvlwlrq
suredelolw|/ R/ lv v|pphwulf zlwk R ehlqj wkh suredelolw| ri d up
prylqj iurp wkh jrrg +edg, vwdwh wr wkh edg +jrrg, vwdwh1 Hdfk
up*v vwdwh lv xqfruuhodwhg zlwk wkh vwdwh ri wkh rwkhu upv/ vr lq
hyhu| shulrg R*2 upv vzlwfk iurp wkh jrrg wr wkh edg vwdwh dw
wkh vdph wlph dv R*2 upv pryh iurp wkh edg wr wkh jrrg vwdwh1
Ilupv pd{lpl}h wkh glvfrxqwhg ydoxh ri fxuuhqw dqg ixwxuh
surwv1 Iru hdfk wlph shulrg dqg vwdwh  5 iCcj/ wkh surwv ri
d uhsuhvhqwdwlyh up lq lqgxvwu| & lv jlyhq e|
l
n ' Ewlu 

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qu5  lu  S  W/ +4,
zkhuh wkh whup lq sduhqwkhvlv lv wkh up*v uhyhqxh1 u ' uS nuW
lv wrwdo oderu lqsxw frqvlvwlqj ri shupdqhqw dqg whpsrudu| oderu1
S dqg W duh dgmxvwphqw frvwv iru shupdqhqw dqg whpsrudu|
zrunhuv/ uhvshfwlyho|1 Lq hyhu| shulrg/ wkh up vhwv hpsor|phqw
vrwkdw wkh h{shfwhg pdujlqdo uhyhqxh surgxfw lv htxdo wr wkh zdjh
soxv dgmxvwphqw0frvwv1 Wkh pdujlqdo uhyhqxh surgxfw lv htxdo wr
wl 0 qul1 Zdjhv duh h{rjhqrxv exw vwdwh0frqwlqjhqw lq wkh prgho/
zklfk phdqv wkdw  ' J lq jrrg wlphv zkhuhdv  ' E lq
edg wlphv/ zlwk J : E1:
Wkh prgho fdq dsso| wr dq| w|sh ri zdjh0vhwwlqj lqvwlwxwlrqv/
vlqfh wkh ghjuhh ri zdjh glvshuvlrq zloo ghwhuplqh mre wxuqryhu1
Lq d kljko| ghfhqwudol}hg v|vwhp/ zdjhv zloo eh ghwhuplqhg e| wkh
vwdwh ri wkh lqglylgxdo up/ jlylqj ulvh wr zdjhv forvho| olqnhg wr
wkh fxuuhqw vwdwh1 Wklv zloo qrw eh wkh fdvh lq d fhqwudol}hg v|v0
whp zkhuh wkh uhodwlrqvkls ehwzhhq lqglylgxdo surgxfwlylw| dqg
zdjhv lv zhdnhu/ dqg wkhuhiruh/ wkh glhuhqfh ehwzhhq J dqg E
ehfrphv vpdoohu1
u lq htxdwlrq +4, fdq eh vhhq dv wrwdo oderu lqsxw/ zklfk
￿
Lq dffrugdqfh zlwk Vzhglvk zdjh irupdwlrq/ zdjhv duh wkh vdph iru shupdqhqw dqg
whpsrudu| hpsor|hhv1
;lqfoxghv erwk wkh qxpehu ri zrunhuv dqg wkh qxpehu ri krxuv
zrunhg1 Vxevhtxhqwo|/ wrwdo oderu lqsxw fdq eh ghfrpsrvhg dv
wkh surgxfw ri wkh qxpehu ri hpsor|hhv dqg wkh dprxqw ri krxuv
wkh| zrun shu shulrg/ wkdw lv u ' ,1 Dvvxplqj wkdw zrunlqj
krxuv duh rqo|  h{leoh xszdugv/ wkh qxpehu ri zrunlqj krxuv/ /
lq wkh wzr vwdwhv lv jlyhq e|
J ' E n j li w ' wJ +5,
E '  li w ' wE/
zkhuh  lv wkh qhjrwldwhg qxpehu ri krxuv shu hpsor|hh dqg
j wkh dprxqw ri ryhuwlph hpsor|huv fdq xvh gxulqj h{sdqvlrqv/
j 5 EfcjPD[o1; Zh fdq qrz uhzulwh wkh up*v pdujlqdo uhyhqxh
surgxfw zlwk uhvshfw wr u=
-J
O ' wJ  qE n j,J +6,
-E
O ' wE  q,E1
Wr vroyh iru rswlpdo oderu ghpdqg lq wkh wzr vwdwhv/ zh pxvw
uvw ghqh wkh up*v ydoxh ixqfwlrq lq wkh wzr vwdwhv1 Wkh ydoxh
ixqfwlrqv iru upv lq h{sdqvlrq +T J, dqg uhfhvvlrq +T E, duh jlyhq
e|=




E  RT J n RT E
+7,




RT J n E  RT E
1
Wkh rswlpdo hpsor|phqw srolf| iru upv lq h{sdqvlrq lp0
solhv wkdw wkh pdujlqdo lqfuhdvh lq uhyhqxh iurp klulqj {, shr0
￿
Lq Hxursh/ wkh vfrsh iru vxevwlwxwlqj krxuv iru zrunhuv lv lq uhdolw| dv|pphwulf1 Hp0
sor|huv fdqqrw ghfuhdvh wkh qxpehu ri krxuv zrunhg iru wkh zrunirufh/ dqg wkhuhe| vdyh rq
wkh zdjh shu hpsor|hh1 Lq pdq| Hxurshdq frxqwulhv wkh h{whqw wr zklfk ryhuwlph lv xvhg
lv ghwhuplqhg wkurxjk qhjrwldwlrqv ehwzhhq hpsor|hu rujdql}dwlrqv dqg xqlrqv ru wkurxjk
ohjlvodwlrq1
<soh lv htxdo wr wkh pdujlqdo frvw ri klulqj1 Dqdorjrxvo|/ iru
upv lq uhfhvvlrq/ wkh rswlpdo hpsor|phqw srolf| lv wr htxdwh
wkh vkdgrz orvv ri uhyhqxhv iurp glvplvvlqj zrunhuv wr wkh ulqj
frvw1 Wkh wrwdo frvw ri klulqj +ulqj, lv htxdo wr {,SMSn{,WMW +
{,S8S n {,W8W, zkhuh {,S dqg {,W duh wkh fkdqjh lq wkh qxp0
ehu ri shupdqhqw dqg whpsrudu| hpsor|hhv/ uhvshfwlyho|1 MS/
MW/ 8S dqg 8W duh wkh klulqj0dqg ulqj frvwv iru wkh wzr w|shv
ri zrunhuv zlwk MS : MW dqg 8S : 8W1 Wklv lpsolhv wkdw upv
zlwk d kljkhu iudfwlrq ri whpsrudu| hpsor|hhv fdq pruh hdvlo|
dgmxvw wr fkdqjhv lq ghpdqg e| xvlqj wkhlu vwrfn ri whpsrudu|
zrunhuv1 Vxevwlwxwlqj wkh rswlpdo hpsor|phqw srolflhv lqwr +7,



























zkhuh M  {,SMS n{,WMW dqg 8  {,S8S n{,W8W1 Lq vwhdg|
vwdwh/ 83 shufhqw ri wkh upv duh lq wkh jrrg vwdwh zkloh wkh uh0
pdlqlqj 83 shufhqw duh lq wkh edg vwdwh1 Jlyhq wkh v|pphwulf
Pdunry surfhvv/ mre fuhdwlrq htxdov hpsor|phqw jurzwk lq h{0
sdqglqj lqgxvwulhv +,J  ,E, wlphv wkh qxpehu ri upv prylqj
iurp uhfhvvlrq wr h{sdqvlrq +R*2,1 Dqdorjrxvo|/ mre ghvwuxfwlrq
lv htxdo wr mER*2E,E  ,Jm1 Vxpplqj mre fuhdwlrq dqg mre gh0















E,J  ,E/ +9,
zkhuh  lv wrwdo hpsor|phqw1 Vxevwlwxwlqj +8, lqwr +9, |lhogv wkh
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Htxdwlrq +:, jlyhv vhyhudo txdolwdwlyh suhglfwlrqv1 Iluvw/ zh
vhh wkdw mre uhdoorfdwlrq lv lqfuhdvlqj lq wkh ghjuhh ri zdjh frp0
suhvvlrq1 Lw lv dovr hylghqw wkdw mre uhdoorfdwlrq lv lqfuhdvlqj lq
wkh suredelolw| ri vzlwfklqj vwdwhv dqg ghfuhdvlqj lq wkh dprxqw
ri krxuv zrunhg dqg ryhuwlph1 D pruh iuhtxhqw xvh ri ryhuwlph
lq h{sdqvlrqv zloo ohdg wr ohvv qhz kluhv dqg ohvv wxuqryhu ri od0
eru1 Ixuwkhupruh/ mre uhdoorfdwlrq lv lqfuhdvlqj lq wkh glhuhqfh
ehwzhhq wJ dqg wE/ d phdvxuh ri wkh yrodwlolw| ri wkh exvlqhvv
f|fohv1 Ilqdoo|/ wkh ohyho ri mre uhdoorfdwlrq lv qhjdwlyho| uhodwhg
wr wkh frvw ri klulqj dqg ulqj wkh wzr w|shv ri zrunhuv zklfk/ lq
wxuq/ ghshqgv rq wkh iudfwlrq ri whpsrudu| hpsor|hhv1 Ilupv zlwk
d kljk iudfwlrq fdq pruh hdvlo| dgdsw wr fkdqjhv lq ghpdqg e|
dgmxvwlqj lwv vwrfn ri whpsrudu| hpsor|hhv/ vlqfh wkh klulqj dqg
ulqj frvwv duh orzhu iru whpsrudu| wkdq iru shupdqhqw frqwudfwv1
7 Gdwd dqg Ghvfulswlyh Vwdwlvwlfv
Wkh gdwd duh froohfwhg iurp Vkruw Whup Zdjh Vwdwlvwlfv +Nrq0
mxqnwxuvwdwlvwln/ oùqhu iùu sulydw vhnwru, dqg Vkruw Whup Hpsor|0
phqw Vwdwlvwlfv +Nruwshulrglvn V|vvhovçwwqlqjvvwdwlvwln, froohfwhg
e| Vwdwlvwlfv Vzhghq +VFE,1 Hdfk gdwd vhw frqwdlq lqirupdwlrq rq
hpsor|phqw wxuqryhu dqg zdjhv iru d sdqho ri pruh wkdq 43/333
hvwdeolvkphqwv lq wkh qrq0djulfxowxuh sulydwh vhfwru1 Wkh wzr gdwd
vhwv fdqqrw eh pdwfkhg dw wkh hvwdeolvkphqw ohyho1 Krzhyhu/ e|
phdqv ri lqgxvwu| vlf0frghv/ wkh gdwd fdq eh pdwfkhg dw glhuhqw
lqgxvwu| ohyhov1
Wkh Vkruw Whup Zdjh Vwdwlvwlfv froohfwv lqirupdwlrq rq zdjhv
44iru eoxh0 dqg zklwh0froodu zrunhuv1< Gdwd duh txduwhuo| iru wkh
shulrg 4<<40<8 dqg prqwko| iurp 4<<9 dqg rqzdugv1 D uhsuh0
vhqwdwlyh vdpsoh lv gudzq iurp wkh srsxodwlrq ri sulydwh vhfwru
hvwdeolvkphqwv zlwk dw ohdvw yh hpsor|hhv/ vwudwlhg dffruglqj
wr lqgxvwu| d!oldwlrq dqg hpsor|phqw vl}h1 Wkh vdpsoh fryhuv
hvwdeolvkphqwv2sodqwv lq pdfklqhu| dqg plqlqj +vlf0frghv F.G,
dqg upv lq wkh vhuylfh vhfwruv1 Iru eoxh0froodu zrunhuv/ wkh vxu0
yh| dvnv txhvwlrqv derxw qxpehu ri krxuv zrunhg/ qxpehu ri
ryhuwlph krxuv zrunhg/ dyhudjh krxuo| hduqlqjv h{foxglqj dqg lq0
foxglqj uhwurdfwlyh zdjh vxssohphqwv dqg qxpehu ri eoxh0froodu
hpsor|hhv1 Iru zklwh0froodu zrunhuv wkh yduldeohv duh qhjrwldwhg
prqwko| vdodu| h{foxglqj dqg lqfoxglqj frpplvvlrqv dqg uhwurdf0
wlyh zdjh vxssohphqwv dqg qxpehu ri zklwh0froodu hpsor|hhv1 80
gljlw vlf0frghv duh dydlodeoh iru doo upv dqg hvwdeolvkphqwv1
Wkh uhdo zdjhv zhuh pruh ru ohvv xqfkdqjhg gxulqj wkh shulrg
4<<50<8/ exw kdyh wkhuhdiwhu lqfuhdvhg1 Wkh uhdo zdjh lqfuhdvhv
diwhu 4<<8 duh prvwo| gxh wr wkh orz lq dwlrq lq wklv wlph shulrg1
Gxulqj wklv shulrg/ lq dwlrq ghfuhdvhg iurp deryh 43 shufhqw lq
4<<4 wr durxqg }hur lq 4<<<1 Wkh dqqxdo phdq uhdo zdjh lqfuhdvh
iru wkh hqwluh shulrg lv 515 shufhqw iru eoxh0froodu zrunhuv dqg
51: shufhqw iru zklwh0froodu zrunhuv1 Wdeoh D4 lq wkh Dsshqgl{
vkrzv ghvfulswlyh vwdwlvwlfv iru 47 lqgxvwulhv +9 lq pdqxidfwxulqj
dqg ; lq qrq0pdqxidfwxulqj,/ dqg glvsod|v lqwhu0lqgxvwu| zdjh
glhuhqwldov1 Iru eoxh0froodu zrunhuv/ wkh kljkhvw zdjhv duh irxqg
lq Plqlqj dqg Zrrg/ zkhuhdv wkh orzhvw zdjhv duh lq Krwho dqg
Edqnlqj1 Zklwh0froodu zrunhuv uhfhlyh wkh kljkhvw zdjhv lq Edqn0
lqj dqg Fkhplvwu| dqg wkh orzhvw lq Wudqvsruw dqg Krwho1
Wkh frh!flhqw ri yduldwlrq/ T E' r|_E`*6e@?E`/ lv xvhg
dv d phdvxuh ri wrwdo dqg lqgxvwu| zdjh glvshuvlrq1 Hdfk jurxs
lv zhljkwhg e| lwv vkduh ri wkh wrwdo zdjh vxp1 Zkhq frpsxwlqj
lqgxvwu| yduldwlrq lq zdjhv/ L xvh wkh vkduh ri zdjhv iru zklwh0
dqg eoxh0froodu zrunhuv iru hdfk lqgxvwu| dqg wlph0shulrg/ TlwZ
dqg TlwE/ uhvshfwlyho|1 Khqfh/ wkh iroorzlqj phdvxuhv iru yduldwlrq
￿
Wkh wzr jurxsv ri zrunhuv duh ghqhg dffruglqj wr wkhlu xqlrq d!oldwlrq1








zkhuh |@4<<5=6/ 111 /4<<<=5 dqg @4/ 111 /47143 Wkh phdq fr0
h!flhqw ri yduldwlrq iru wkh zkroh shulrg lv 3147 iru eoxh0froodu
zrunhuv dqg 314: iru zklwh0froodu zrunhuv1 Lqgxvwu| phdqv duh
suhvhqwhg lq Wdeoh D4 lq wkh Dsshqgl{1
Wkh Vkruw Whup Hpsor|phqw Vwdwlvwlfv frqwdlq txduwhuo| lq0
irupdwlrq rq wkh vwrfn ri shupdqhqw dqg whpsrudu| frqwudfwv dv
zhoo dv gluhfw lqirupdwlrq rq kluhv dqg vhsdudwlrqv iru shupdqhqw
dqg whpsrudu| zrunhuv1 Wkh gdwd duh rewdlqhg iurp d udqgrp
vdpsoh iurp wkh srsxodwlrq ri sulydwh0vhfwru hvwdeolvkphqwv ri doo
vl}hv lq Vzhghq/ vwudwlhg dffruglqj wr lqgxvwu| d!oldwlrq dqg hv0
wdeolvkphqw vl}h1 Wkh hvwdeolvkphqwv duh udqgrpo| glylghg lqwr
wkuhh htxdo jurxsv1 Hyhu| txduwhu/ hdfk jurxs uhvsrqgv wr txhv0
wlrqv rq hpsor|phqw dqg zrunhu wxuqryhu iru rqh prqwk lq wkh
txduwhu hdfk1 Wkh lqirupdwlrq rq wkh qxpehu ri hpsor|hhv uhihuv
wr d sduwlfxodu gdwh lq wkh prqwk/ zkloh vhsdudwlrqv dqg kluhv uhihu
wr  rzv gxulqj wkh hqwluh prqwk1 Dv dq h{dpsoh/ rqh wklug ri wkh
vdpsohg hvwdeolvkphqwv lq wkh vhfrqg txduwhu uhsruwv lqirupdwlrq
iru Dsulo/ zkloh wkh rwkhu wzr jurxsv uhsruw wkh fruuhvsrqglqj
lqirupdwlrq iru Pd| dqg Mxqh1 Wkh lqirupdwlrq rq hvwdeolvkphqw
hpsor|phqw dv zhoo dv kluhv dqg vhsdudwlrqv lv vxssolhg iru erwk
shupdqhqw +wlph xqolplwhg, dqg whpsrudu| +wlph olplwhg, frq0
wudfwv/ vhsdudwho| iru phq dqg iru zrphq +vhh Dudl dqg Kh|pdq
+5335, iru pruh ghwdlov rq wkh gdwd,1
Mre  rzv duh frpsxwhg rq wkh edvlv ri wkh fkdqjhv lq qxpehu
ri wkh hpsor|hhv +?, dw hvwdeolvkphqw +e, ryhu wlph +|,144 Mre








, lq htxdwlrq +:,1




Lq rughu wr eh frpsdwleoh wr wkh zdjh gdwd/ mre  rzv duh fdofxodwhg iru hvwdeolvkphqwv
zlwk dw ohdvw yh hpsor|hhv1




( s ?hw  E?h>w41 +<,
Qhw hpsor|phqw jurzwk lv htxdo wr wkh glhuhqfh ehwzhhq a-
dqg a(-/ zkhuhdv mre uhdoorfdwlrq lv htxdo wr wkh vxp ri a-
dqg a(-1 Wdeoh D5 lq wkh Dsshqgl{ suhvhqwv phdq txduwhuo|
jurvv mre  rz udwhv iru wkh shulrg 4<<50<<1
Mre fuhdwlrq lv/ rq dyhudjh/ 7 shufhqw dqg ydulhv ehwzhhq 5 dqg
9 shufhqw1 Wkh fruuhvsrqglqj jxuh iru mre ghvwuxfwlrq lv 8 shu0
fhqw/ ydu|lqj ehwzhhq 6 dqg 9 shufhqw1 Wkh phdq mre uhdoorfdwlrq
udwh lv < shufhqw1 Jurvv mre  rzv duh kljkhu lq qrq0pdqxidfwxulqj
wkdq lq pdqxidfwxulqj1 Li zh vwxg| lqglylgxdo lqgxvwulhv dprqj
47 wzr0gljlw lqgxvwulhv/ zh vhh wkdw wkh kljkhvw mre uhdoorfdwlrq
udwhv duh revhuyhg lq Krwho/ Frqvwuxfwlrq dqg Uhdo hvwdwh1 Wkh
orzhvw mre uhdoorfdwlrq udwhv duh revhuyhg lq Wh{wlohv/ Fkhplvwu|
dqg Phwdo dqg pdqxidfwxulqj1
8 Hpslulfdo Vshflfdwlrq
L xvh wkh iroorzlqj vshflfdwlrq wr whvw wkh suhglfwlrqv iurp htxd0
wlrq +:, hpslulfdoo|=
a--lw ' q3 n q4`(U7lw n q5A.lw n q6T .-Alw n
q7.Alw n Dl n 0lw/ +43,
zkhuh a--lw lv mre uhdoorfdwlrq lq lqgxvwu|  dw wlph |/ `(U7 lv
zdjh glvshuvlrq/ A. lv wkh iudfwlrq ri whpsrudu| hpsor|hhv
lq uhodwlrq wr wrwdo hpsor|phqw dqg T .-A lv wkh iudfwlrq ri
ryhuwlph krxuv lq uhodwlrq wr wkh wrwdo qxpehu ri krxuv zrunhg1
Doo htxdwlrqv lqfoxgh .A/ qhw hpsor|phqw fkdqjh/ uh hfwlqj
wkh fxuuhqw vwdwh ri wkh exvlqhvv f|foh1 Dl lv d wlph0lqyduldqw
lqgxvwu|0vshflf hhfw dqg 0lw lv wkh xvxdo huuru whup1
47Htxdwlrq +:, vwdwhv mre uhdoorfdwlrq dv d ixqfwlrq ri zdjh glv0
shuvlrq/ dgmxvwphqw frvwv dqg wkh xvh ri ryhuwlph1 Wkh frh!flhqw
ri yduldwlrq lv xvhg dv d phdvxuh ri zdjh glvshuvlrq1 L xvh wkh
iudfwlrq ri whpsrudu| hpsor|phqw dv d sur{| iru oderu dgmxvw0
phqw frvwv1 D kljk iudfwlrq ri whpsrudu| oderu zloo ohdg wr orzhu
dgmxvwphqw frvwv zkhq wkhuh lv d fkdqjh lq wkh upv* vwrfn ri hp0
sor|hhv1 Doo yduldeohv duh lqgxvwu|0vhfwru phdqv +9 pdqxidfwxu0
lqj dqg ; qrq0pdqxidfwxulqj lqgxvwulhv,/ urxjko| fruuhvsrqglqj
wr wkh wzr0gljlw v|vwhp ri lqgxvwu| fodvvlfdwlrq145
Vlqfh grzqzdug zdjh uljlglw| lv olnho| wr eh pruh frpprq/
zdjh glvshuvlrq lv h{shfwhg wr kdyh d odujhu hhfw rq mre gh0
vwuxfwlrq wkdq rq mre fuhdwlrq1461 Wkhuhiruh/ L zloo dovr hvwlpdwh
htxdwlrq +43, zlwk mre fuhdwlrq dqg mre ghvwuxfwlrq vhsdudwho| dv
ghshqghqw yduldeohv1
Wkh {hg0hhfw prgho dvvxphv wkh lqgxvwu| vshflf hhfw/ l/
wr eh qrq0vwrfkdvwlf1 Wkh udqgrp0hhfw prgho dvvxphv wkdw wkh
lqgxvwu|0vshflf huuru whup lv udqgrp dqg gudzq iurp d frp0
prq glvwulexwlrq lqghshqghqw ri wkh h{sodqdwru| yduldeohv1 Wkh
udqgrp0hhfw hvwlpdwru lv d zhljkwhg dyhudjh ri wkh hvwlpdwhv
surgxfhg e| wkh ehwzhhq dqg zlwklq hvwlpdwruv1 Wklv phdqv wkdw
erwk furvv0vhfwlrqdo dqg wlph0vhulhv yduldwlrq duh wdnhq lqwr df0
frxqw1 D sulrul/ lw lv qrw reylrxv zklfk prgho vkrxog eh xvhg1
Wkh Kdxvpdq whvw lv xvhg iru glvfulplqdwlqj ehwzhhq wkh {hg0
dqg wkh udqgrp0hhfw prghov +vhh Edowdjl +4<<8,,1 Wklv lv d whvw




Lq 4<<6/ wkh Vzhglvk lqgxvwu| fodvvlfdwlrq fkdqjhg v|vwhpv iurp VQL9< wr VQL<51 Wkh
47 lqgxvwulhv dqdo|}hg lq wklv sdshu duh frqvwuxfwhg vr dv wr hqdeoh frpsdulvrqv ryhu wlph1
Wr fkhfn iru urexvwqhvv wr lqgxvwu| fodvvlfdwlrq/ doo htxdwlrqv duh uh0hvwlpdwhg xvlqj wkh
qhz lqgxvwu| fodvvlfdwlrq1 Wklv fruuhvsrqgv wr gdwd iru 7: lqgxvwulhv lq wkh shulrg 4<<6 wr




Uhfhqwo|/ vhyhudo sdshuv kdyh xvhg vxuyh| gdwd frqvlvwlqj ri lqwhuylhzv zlwk pdqdjhuv
dqg oderu uhsuhvhqwdwlyhv wr h{soruh wkh phfkdqlvp ehklqg qrplqdo zdjh uljlglw| dqg zk|
qrplqdo zdjhv duh vr lqvhqvlwlyh wr pdfurhfrqrplf vkrfnv +vhh h1j1 Djhoo dqg Oxqgeruj
+4<<<, dqg Ehzoh| +4<<;,,1 Lq wkh Djhoo dqg Oxqgeruj +4<<<, vwxg|/ fryhulqj upv lq wkh
Vzhglvk pdqxidfwxulqj vhfwru/ rqo| 5 upv rxw ri 486 kdg h{shulhqfhg qrplqdo zdjh fxwv
gxulqj wkh 4<<3*v1 Wkh orz jxuh lv ghvslwh wkh odujhvw hfrqrplf grzqwxuq lq Vzhghq vlqfh
wkh 4<63*v/ zlwk wrwdo xqhpsor|phqw lqfuhdvlqj iurp 7 shufhqw lq 4<<4 wr pruh wkdq 45
shufhqw lq 4<<61
48shqghqw yduldeohv1 Li wkh fruuhodwlrq ehwzhhq l dqg wkh uhjuhvvruv
lv glhuhqw iurp }hur/ wkh JOV hvwlpdwru lv eldvhg dqg lqfrqvlv0
whqw1 Wkh {hg0hhfw hvwlpdwru lv/ krzhyhu/ vwloo frqvlvwhqw1
Dq lvvxh wr frqvlghu lv hqgrjhqhlw| ri wkh zdjh glvshuvlrq ydul0
deoh1 Wklv frxog dulvh li iru lqvwdqfh up dqg lqgxvwu| fkdudfwhu0
lvwlfv lq lqgxvwulhv zlwk kljk mre  rzv lq xhqfh wkh glvwulexwlrq ri
zdjhv1 Lqgxvwu|0glhuhqfhv lq h1j1 pdunhw vwuxfwxuh/ xqlrq srzhu
dqg wkh srvvlelolwlhv wr xvh whpsrudu| hpsor|hhv dv zhoo dv whfk0
qrorjlfdo dqg rujdql}dwlrqdo glhuhqfhv pd| dhfw erwk mre  rzv
dqg wkh glvwulexwlrq ri zdjhv lq d v|vwhpdwlf zd|1 Wr ghdo zlwk
wkh srvvlelolw| ri hqgrjhqhlw| lq wkh zdjh glvshuvlrq yduldeoh/ LY0
hvwlpdwlrqv dqg Kdxvpdq whvwv iru hqgrjhqhlw| duh suhvhqwhg147
Odjjhg ydoxhv ri zdjh glvshuvlrq lv xvhg dv dq lqvwuxphqw iru zdjh
glvshuvlrq1
9 Uhvxowv
Uhvxowv duh suhvhqwhg lq Wdeohv 4061 Wdeoh 4 vkrzv wkh uhvxowv iurp
wkh hvwlpdwhv ri htxdwlrq +43, iru wkh hqwluh sulydwh vhfwru/ dv zhoo
dv iru wkh pdqxidfwxulqj dqg vhuylfh vhfwruv vhsdudwho|1 Ixuwkhu0
pruh/ hvwlpdwlrqv duh dovr suhvhqwhg xvlqj wkh <3043wk shufhqwloh
udwlr dv dq dowhuqdwlyh phdvxuh ri zdjh glvshuvlrq1 Wdeoh 5 vkrzv
uhvxowv zkhq mre fuhdwlrq dqg mre ghvwuxfwlrq duh xvhg vhsdudwho|
dv ghshqghqw yduldeohv1 Uhvxowv iurp LY0hvwlpdwlrqv duh suhvhqwhg
lq Wdeoh 61
Wkh Kdxvpdq whvwv suhvhqwhg lq Wdeohv 4 dqg 5 dqg lq xquh0
sruwhg hvwlpdwhg htxdwlrqv vkrzv wkdw wkh udqgrp0hhfwv hvwl0
pdwru fdq eh uhmhfwhg1 Wkh srvlwlyh fruuhodwlrq ehwzhhq wkh uh0
juhvvruv dqg wkh lqglylgxdo0vshflf hhfwv phdqv wkdw wkhuh h{lvw




Wkh Kdxvpdq whvw whvwv li wkhuh lv d vljqlfdqw glhuhqfh ehwzhhq wkh ROV0 dqg wkh LY0
hvwlpdwru1 Erwk hvwlpdwruv duh frqvlvwhqw lq wkh fdvh ri qr fruuhodwlrq ehwzhhq wkh uhjuhvvruv
dqg wkh huuruv1 Krzhyhu/ rqo| wkh ROV0hvwlpdwru lv h!flhqw1 Li wkh qxoo k|srwkhvlv lv idovh/
rqo| wkh LY0hvwlpdwru lv frqvlvwhqw1
49Wdeoh 41 Hhfwv ri zdjh glvshuvlrq/ iudfwlrq whpsrudu| hpsor|hhv dqg xvh
ri ryhuwlph rq mre uhdoorfdwlrq1 Lqgxvwu| {hg0hhfwv uhjuhvvlrqv1 Ghshqghqw
yduldeoh lv mre uhdoorfdwlrq udwh +MUU,1 Urexvw vwdqgdug huuruv lq sduhqwkhvlv1
4 5 6 7 8 9
Mre uhdoorfdwlrq udwh +MUU,
Zdjh glvshuvlrq 313< 3159-- 03166 --- 3135 313<-- 0313<---
+313<, +3145, +3144, +3136, +3137, +3136,
Iudfwlrq whps1 hpso1 3163--- 3158--- 316;--- 3163--- 3155-- 316;---
+3139, +313<, +3139, +3139, +3143, +3139,
Ryhuwlph 03189- 03187--- 03189--- 03188--- 03186--- 03195---
+3149, +3154, +3165, +3149, +3154, +3165,
Qhw hpso1 fkdqjh 03148-- 03144 03148- 03149-- 03149 03149-
+313:, +3144, +3143, +313;, +3144, +3143,
Lqgxvwu| Doo Qrq0 Pdqxi1 Doo Qrq0 Pdqxi1
pdqxi1 pdqxi1
Phdvxuh ri zdjh FY FY FY s+<3243, s+<3243, s+<3243,
glvshuvlrq
Kdxvpdq whvw 7187 4716--- :19- 91: 451;--- ;13-
Euhxvfk ) Sdjdq whvw 78<--- 9:17--- 418 799--- <7--- 41;
U
￿
31:; 31:9 3185 31:; 31:9 3184
Q 6<5 557 49; 6<5 557 49;
W 5; 5; 5; 5; 5; 5;
Qrwhv=
l, - lqglfdwh vljqlfdqfh dw wkh 43(0ohyho/ -- dw wkh 8(0ohyho dqg --- dw wkh
4(0ohyho1
ll, Lqgxvwu| fodvvlfdwlrq fruuhvsrqgv wr 47 lqgxvwulhv +9 lq pdqxidfwxulqj dqg ; lq
qrq0pdqxidfwxulqj,1
lll, FY@frh!flhqw ri yduldwlrq1 s+<3243,@ <3043wk shufhqwloh udwlr1
ly, Wkh Euhxvfk dqg Sdjdq OP0whvw lv d whvw iru lqglylgxdo +lqgxvwu|, udqgrp hhfwv1
Wkh qxoo0k|srwkhvlv lv wkdw wkh yduldqfh lq wkh lqgxvwu|0vshflf hhfwv lv htxdo wr
}hur1 Uhmhfwlrq ri wkh qxoo vkrzv wkdw lqgxvwu|0vshflf hhfwv duh suhvhqw1
wxuq/ ohdgv wr d qrq0}hur fruuhodwlrq ehwzhhq 0lw dqg [lw/ l1h1 wkh
uhjuhvvruv duh hqgrjhqrxvo| ghwhuplqhg1 E| shuiruplqj wkh {hg0
hhfwv whfkqltxh/ wkh Dl duh zlshg rxw/ ohdylqj wkh zlwklq hvwlpd0
wru xqeldvhg dqg frqvlvwhqw iru q1
Frqvlghulqj wkh uhvxowv iru mre uhdoorfdwlrq/ lw dsshduv wkdw iru
wkh hqwluh sulydwh vhfwru +froxpq 4,/ `(U7 lv qrw vljqlfdqw1
4:Wkh rwkhu yduldeohv doo kdyh h{shfwhg vljqv dqg duh vljqlfdqwo|
glhuhqw iurp }hur1 Wkh srvlwlyh vljq iru A. lqglfdwhv d
kljkhu mre wxuqryhu lq upv lq lqgxvwulhv zlwk d kljk iudfwlrq
ri whpsrudu| hpsor|hhv1 Wkhvh upv fdq pruh hdvlo| dgdsw wr
fkdqjhv lq oderu ghpdqg e| fkdqjlqj wkh qxpehu ri whpsrudu|
hpsor|hhv1
Wkh frh!flhqw iru wkh ryhuwlph yduldeoh/ T .-A/ lv qhjdwlyh/
vxjjhvwlqj wkdw mre wxuqryhu lv orzhu lq lqgxvwulhv zkhuh wkh qxp0
ehu ri zrunlqj krxuv lv uhodwlyho|  h{leoh1 Udwkhu wkdq fkdqjlqj
wkh qxpehu ri hpsor|hhv/ upv fdq dgmxvw wkh qxpehu ri krxuv
zrunhg shu hpsor|hh1
Wkh ghvfulswlyh vwdwlvwlfv suhvhqwhg lq Wdeohv D4 dqg D5 srlqw
wr odujh glhuhqfhv ehwzhhq lqgxvwulhv lq pdqxidfwxulqj dqg qrq0
pdqxidfwxulqj1 Wkhuhiruh/ wkhuh duh uhdvrqv wr eholhyh wkdw glhu0
hqfhv ehwzhhq wkh wzr vhfwruv lq xhqfh wkh hvwlpdwhg frh!flhqwv1
Dq lqvljqlfdqw hhfw ri zdjh glvshuvlrq rq mre wxuqryhu dw wkh
djjuhjdwh ohyho pljkw pdvn lpsruwdqw vhfwru khwhurjhqhlw|1
Wr fkhfn iru vhfwru khwhurjhqhlw|/ vhsdudwh uhjuhvvlrqv duh hv0
wlpdwhg iru pdqxidfwxulqj dqg qrq0pdqxidfwxulqj/ uhvshfwlyho|1
Wkhvh uhjuhvvlrqv duh uhsruwhg lq froxpqv 5 dqg 61 Wkh hhfw
ri zdjh glvshuvlrq rq mre wxuqryhu lv qhjdwlyh dqg vljqlfdqw lq
pdqxidfwxulqj1 Wkh hvwlpdwh ri `(U7 vxjjhvwv wkdw lq wkh
pdqxidfwxulqj vhfwru/ d pruh frpsuhvvhg zdjh vwuxfwxuh zloo ohdg
wr d kljkhu mre uhdoorfdwlrq udwh/ d uhvxow lq dffrugdqfh zlwk wkh
Ehuwrod dqg Urjhuvrq k|srwkhvlv1 Wkh srlqw0hvwlpdwh lv htxdo wr
03166/ lpso|lqj wkdw d rqh vwdqgdug ghyldwlrq lqfuhdvh lq `(U7
uhgxfhv a-- e| 3133:/ zklfk dprxqwv wr 45 shufhqw ri wkh phgldq
ri a--1 Wkh fruuhvsrqglqj hhfw lv 47 shufhqw iru dq lqgxvwu| lq
wkh 43wk shufhqwloh ri wkh mre uhdoorfdwlrq glvwulexwlrq1
Lqwhudfwlrq whupv ehwzhhq wkh zdjh glvshuvlrq yduldeoh dqg
wkh vkduh ri whpsrudu| hpsor|hhv/ ryhuwlph dqg qhw hpsor|phqw
fkdqjh/ duh qhyhu vljqlfdqw1 Khqfh/ L qg qr hylghqfh iru wkdw
wkh hhfw ri zdjh glvshuvlrq glhu v|vwhpdwlfdoo| ehwzhhq upv
zlwk glhuhqw iudfwlrqv ri whpsrudu| hpsor|hhv ru d glhuhqw xvh
4;ri ryhuwlph1 Ixuwkhupruh/ uhvxowv duh xqfkdqjhg zkhq L dgg d
wlph gxpp| iru shulrgv zkhq uxohv iru {hg0whup frqwudfwv zhuh
uhod{hg1
Wxuqlqj wr wkh qrq0pdqxidfwxulqj vhfwru/ wkh hhfw ri zdjh
glvshuvlrq lv uhyhuvhg1 Froxpq 6 glvsod|v wkdw wkhuh lv d srvl0
wlyh dqg vljqlfdqw fruuhodwlrq ehwzhhq `(U7 dqg a-- lq wkh
vhuylfh vhfwru1
Khqfh/ vhfwru glhuhqfhv vhhp wr sod| dq lpsruwdqw uroh lq gh0
whuplqlqj wkh uhodwlrqvkls ehwzhhq wkh ghjuhh ri zdjh frpsuhv0
vlrq dqg mre uhdoorfdwlrq1 Iru lqvwdqfh/ whfkqrorjlfdo dqg rujdql0
}dwlrqdo glhuhqfhv ehwzhhq/ rq dyhudjh/ odujhu fdslwdo0lqwhqvlyh
upv lq pdqxidfwxulqj dqg vpdoohu upv lq wkh vhuylfh vhfwruv
pd| dhfw wkh h{whqw wr zklfk mrev duh uhdoorfdwhg148 Ixuwkhu0
pruh/ xqlrqv kdyh wudglwlrqdoo| ehhq zhdnhu lq wkh vhuylfh vhfwru
wkdq lq wkh pdqxidfwxulqj lqgxvwu|1 Wkhvh glhuhqfhv pd| dhfw
wkh h{whqw wr zklfk wkh zdjh glvwulexwlrq kdv dq lpsdfw rq mre
wxuqryhu1
Wkh frh!flhqwv iru wkh iudfwlrq ri whpsrudu| hpsor|hhv dqg
ryhuwlph kdyh h{shfwhg vljqv dqg duh vljqlfdqw lq erwk vhfwruv1
Qhw hpsor|phqw fkdqjh lv qhjdwlyh dqg vljqlfdqw lq pdqxidf0
wxulqj/ wkhuhe| uh hfwlqj d frxqwhuf|folfdo sdwwhuq lq mre uhdoor0
fdwlrq1 Wklv lv qrw wkh fdvh lq wkh qrq0pdqxidfwxulqj vhfwru zkhuh
wkh frh!flhqw iru hpsor|phqw jurzwk lv lqvljqlfdqw149
Dq riwhq xvhg phdvxuh iru zdjh glvshuvlrq lv wkh <3043wk shu0
fhqwloh udwlr1 Wr fkhfn iru urexvwqhvv ri wkh uhvxowv/ L dovr hvwlpdwh
htxdwlrqv xvlqj wklv udwlr lqvwhdg ri wkh frh!flhqw ri yduldwlrq1
Uhvxowv duh glvsod|hg lq froxpqv 79 lq Wdeoh 41
Uhvxowv iru wkh zdjh glvshuvlrq yduldeoh uhpdlq txdolwdwlyho|
xqfkdqjhg1 Wkh hhfw ri zdjh glvshuvlrq rq mre wxuqryhu lv qhjd0
wlyh lq pdqxidfwxulqj/ zkhuhdv lw lv srvlwlyh lq qrq0pdqxidfwxulqj1
Wkh hvwlpdwhg frh!flhqw lv htxdo wr 313< lq wkh pdqxidfwxulqj
￿
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Dudl dqg Kh|pdq +5335, qg fohdu glhuhqfhv erwk lq ohyhov dqg lq wkh f|folfdo sdwwhuq




Wklv uhvxow lv lq olqh zlwk Erhul +4<<9,/ vwuhvvlqj wkdw frxqwhuf|folfdo mre wxuqryhu pdlqo|
frqfhuqv wkh pdqxidfwxulqj lqgxvwu|1
4<Wdeoh 51 Hhfwv ri zdjh glvshuvlrq/ iudfwlrq whpsrudu| hpsor|hhv dqg xvh ri
ryhuwlph rq mre  rzv1 Lqgxvwu| {hg0hhfwv uhjuhvvlrqv1 Ghshqghqw yduldeohv
duh mre fuhdwlrq udwh +MFU, dqg mre ghvwuxfwlrq udwh +MGU,1 Urexvw vwdqgdug
huuruv lq sduhqwkhvlv1
4 5 6 7 8 9
Mre fuhdwlrq udwh +MFU, Mre ghvwuxfwlrq udwh +MGU,
Zdjh glvshuvlrq 3138 3146 03143 3137 3147 03156-
+313:, +313<, +313:, +313<, +3144, +3145,
Iudfwlrq whps1 hpso1 3188- 3183--- 318:--- 03157--- 03158--- 0314<---
+3138, +313:, +313;, +3138, +313:, +3139,
Ryhuwlph 3147 3143 3185-- 031:3--- 03197--- 0413;---
+3146, +3149, +315<, +314:, +3155, +3169,
Qhw hpso1 fkdqjh 3154- 3167--- 03135 0316:--- 03178--- 03146
+3139, +313;, +313;, +313;, +3144, +3144,
Lqgxvwu| Doo Qrq0 Pdqxi1 Doo Qrq0 Pdqxi1
pdqxi1 pdqxi1
Kdxvpdq whvw 9619--- 6:1:--- 474--- :<15--- 8318--- 781;---
Euhxvfk ) Sdjdq whvw 455--- 7618--- 491:--- 9:1:--- 61<-- 916---
U
￿
31:7 31:5 319< 3187 3189 3165
Q 6<5 557 49; 6<5 557 49;
W 5; 5; 5; 5; 5; 5;
Qrwhv= l, - lqglfdwh vljqlfdqfh dw wkh 43(0ohyho/ -- dw wkh 8(0ohyho dqg --- dw wkh
4(0ohyho1
ll, Lqgxvwu| fodvvlfdwlrq fruuhvsrqgv wr 47 lqgxvwulhv +9 lq pdqxidfwxulqj dqg ; lq
qrq0pdqxidfwxulqj,1
lll, FY@frh!flhqw ri yduldwlrq lv xvhg dv d phdvxuh iru zdjh glvshuvlrq1 Uhvxowv
uhpdlq txdolwdwlyho| xqfkdqjhg zkhq s+<3243, lv xvhg dv d phdvxuh iru zdjh glvshu0
vlrq1
ly, Wkh Euhxvfk dqg Sdjdq OP0whvw lv d whvw iru lqglylgxdo +lqgxvwu|, udqgrp hhfwv1
Wkh qxoo0k|srwkhvlv lv wkdw wkh yduldqfh lq wkh lqgxvwu|0vshflf hhfwv lv htxdo wr
}hur1 Uhmhfwlrq ri wkh qxoo vkrzv wkdw lqgxvwu|0vshflf hhfwv duh suhvhqw1
vhfwru/ zklfk phdqv wkdw dq lqfuhdvh lq zdjh glvshuvlrq zlwk rqh
vwdqgdug ghyldwlrq uhgxfhv mre uhdoorfdwlrq e| 313381 Jlyhq wkdw
wkh phgldq mre uhdoorfdwlrq udwh lv htxdo wr 31389/ wkh hvwlpdwh lq0
glfdwhv wkdw d rqh vwdqgdug ghyldwlrq lqfuhdvh lq zdjh glvshuvlrq
53uhgxfhv wrwdo mre wxuqryhu lq wkh phgldq lqgxvwu| e| dssur{l0
pdwho| < shufhqw1
Wdeoh 5 glvsod| uhvxowv zkhq mre fuhdwlrq dqg mre ghvwuxfwlrq
duh xvhg vhsdudwho| dv ghshqghqw yduldeohv1 Wkh zdjh glvshuvlrq
yduldeoh lv qrw vljqlfdqw/ qhlwkhu lq wkh ixoo vdpsoh qru lq wkh
qrq0pdqxidfwxulqj vhfwru1 Lq pdqxidfwxulqj/ `(U7 lv qhjd0
wlyh iru erwk mre fuhdwlrq dqg mre ghvwuxfwlrq/ kdylqj d kljkhu
frh!flhqw ydoxh +lq devroxwh whupv, iru mre ghvwuxfwlrq1 Krzhyhu/
wkh yduldeoh lv rqo| vljqlfdqw iru mre ghvwuxfwlrq1
Iru wkh pdqxidfwxulqj vhfwru/ uhvxowv vxssruw wkdw zdjhv ehlqj
pruh grzqzdug wkdq xszdug uljlg/ wkhuhe| ohdglqj wr kljkhu udwhv
ri mre wxuqryhu lq hfrqrplf grzqwxuqv wkdq lq hfrqrplf xswxuqv1
Khqfh/ dv|pphwulf zdjh uljlglw|/ lq wkh vhqvh ri pruh grzqzdug
wkdq xszdug uljlg zdjhv/ vhhpv wr lq xhqfh wkh zd| lq zklfk
wkh zdjh glvwulexwlrq dhfwv mre wxuqryhu1 Pruh vshflfdoo|/ wkh
frpelqdwlrq ri d frpsuhvvhg zdjh vwuxfwxuh/ pruh grzqzdug wkdq
xszdug uljlg zdjhv/ dqg d ghhs uhfhvvlrq lq wkh Vzhglvk pdqxidf0
wxulqj vhfwru lq wkh hduo| 4<<3*v pd| h{sodlq wkh revhuyhg vhfwru
glhuhqfhv uhjduglqj wkh uhodwlrqvkls ehwzhhq wkh zdjh vwuxfwxuh
dqg wkh uhdoorfdwlrq ri mrev1 Wkh vhfwru glhuhqfhv uhvxow lq vxs0
sruw iru wkh Ehuwrod dqg Urjhuvrq k|srwkhvlv ri d qhjdwlyh uhod0
wlrqvkls rqo| lq wkh pdqxidfwxulqj vhfwru1 Krzhyhu/ wkh hfrqrplf
vljqlfdqfh lv udwkhu vpdoo> rqo| d vpdoo iudfwlrq ri wkh yduldwlrq
lq mre wxuqryhu lv h{sodlqhg e| wkh ghjuhh ri zdjh frpsuhvvlrq1
Ilqdoo|/ wr h{sorlw wkh txhvwlrq ri hqgrjhqhlw| lq zdjh glv0
shuvlrq/ lqvwuxphqwdo yduldeoh uhjuhvvlrqv duh hvwlpdwhg wrjhwkhu
zlwk Kdxvpdq whvwv iru hqgrjhqhlw|1 Wdeoh 6 glvsod| wkh uhvxowv1





Uhvxowv duh urexvw wr wlph0vwuxfwxuh fkrlfh1 L kdyh dovr lqvwuxphqwhg FY lq d udqgrp0
hhfwv prgho zlwkrxw dq| fkdqjhv lq uhvxowv1 Ixuwkhupruh/ d Kdxvpdq0whvw frpsdulqj wkh
udqgrp0hhfwv prgho/ zlwk dqg zlwkrxw lqvwuxphqwv/ lv qrw uhmhfwhg1
54Wdeoh 61 Hhfwv ri zdjh glvshuvlrq/ iudfwlrq whpsrudu| hpsor|hhv dqg xvh
ri ryhuwlph rq mre  rzv1 Lqgxvwu| {hg0hhfwv uhjuhvvlrqv xvlqj LY0dqdo|vlv1
Ghshqghqw yduldeohv duh mre uhdoorfdwlrq udwh +MUU,/ mre fuhdwlrq udwh +MFU,
dqg mre ghvwuxfwlrq udwh +MGU,1 Urexvw vwdqgdug huuruv lq sduhqwkhvlv1
4 5 6
MUU MFU MGU
Zdjh Glvshuvlrq 0318:-- 0313< 0317;-
+3159, +314;, +315<,
Iudfwlrq whps1 hpsor|hhv 3173--- 3196--- 03156---
+313:, +313<, +313:,
Ryhuwlph 031;5- 31:7--- 04189---
+3175, +315<, +317:,
Qhw hpsor|phqw fkdqjh 0314; 3143 0315;--
+3147, +3143, +3147,
Lqgxvwu| Pdqxi1 Pdqxi1 Pdqxi1




Q 477 477 477
W 57 57 57
Qrwhv= l, - lqglfdwh vljqlfdqfh dw wkh 43(0ohyho/ -- dw wkh 8(0ohyho dqg --- dw wkh
4(0ohyho1
ll, Lqgxvwu| fodvvlfdwlrq fruuhvsrqgv wr 47 lqgxvwulhv +9 lq pdqxidfwxulqj dqg ; lq
qrq0pdqxidfwxulqj,1
lll, FY@frh!flhqw ri yduldwlrq lv xvhg dv d phdvxuh iru zdjh glvshuvlrq1 Uhvxowv
uhpdlq txdolwdwlyho| xqfkdqjhg zkhq s+<3243, lv xvhg dv d phdvxuh iru zdjh glvshu0
vlrq1
ly, Wkh Kdxvpdq whvw lv d whvw li wkhuh lv d v|vwhpdwlf glhuhqfh ehwzhhq wkh ROV0
dqg wkh LY0hvwlpdwru1
Dv fdq eh vhhq iurp Wdeoh 6/ LY0hvwlpdwlrq grhv qrw fkdqjh
wkh uhvxowv iru zdjh glvshuvlrq1 Wkh zdjh glvshuvlrq yduldeoh lv
qhjdwlyh dqg vljqlfdqw lq erwk wkh htxdwlrq zlwk wrwdo mre uhdo0
orfdwlrq dv wkh ghshqghqw yduldeoh +froxpq 4,/ dqg wkh htxdwlrq
zlwk mre ghvwuxfwlrq dv wkh ghshqghqw yduldeoh +froxpq 6,1 Wkh
rwkhu h{sodqdwru| yduldeohv uhpdlq txdolwdwlyho| xqfkdqjhg1 Wkh
vlplodu uhvxowv rewdlqhg iurp ROV dqg LY duh frquphg e| wkh
55Kdxvpdq whvwv1 Wkhvh vkrz wkdw wkhuh lv qr vljqlfdqw glhuhqfh
ehwzhhq wkh ROV0hvwlpdwru dqg wkh LY0hvwlpdwru1 Wklv vxjjhvwv
wkdw h{rjhqhlw| ri `(U7 fdqqrw eh uhmhfwhg/ dqg zh fdq uho|
rq uhvxowv rewdlqhg lq wkh lqgxvwu| {hg0hhfwv prghov glvfxvvhg
deryh1
: Vxppdu| dqg Frqfoxvlrqv
Rqh sx}}oh iurp wkh mre fuhdwlrq dqg mre ghvwuxfwlrq olwhudwxuh lv
wkh vlplodu sdwwhuq ri  rzv revhuyhg lq erwk wkh XV dqg Hxursh1
Jlyhq wkdw wkh oderu pdunhw lv pruh uhjxodwhg lq Hxursh wkdq lq
wkh XV/ zh zrxog h{shfw vljqlfdqwo| kljkhu mre  rzv lq wkh XV
wkdq lq Hxursh1 Ehuwrod dqg Urjhuvrq sursrvh rqh h{sodqdwlrq
iru wkh revhuyhg vlplodulwlhv1 Wkh| dujxh wkdw glhuhqfhv lq zdjh0
vhwwlqj lqvwlwxwlrqv sod| dq lpsruwdqw uroh dqg wkdw wkhuh h{lvwv d
srvlwlyh uhodwlrqvkls ehwzhhq wkh ghjuhh ri zdjh0frpsuhvvlrq dqg
jurvv mre  rzv1 Wklv phdqv wkdw mre  rzv lq frxqwulhv zlwk kljk
dgmxvwphqw frvwv dqg d frpsuhvvhg zdjh vwuxfwxuh fdq eh vlplodu
wr wkrvh lq frxqwulhv zlwk orz dgmxvwphqw frvwv dqg d kljk zdjh
glvshuvlrq1
Wklv sdshu lv xvh Vzhglvk hvwdeolvkphqw gdwd rq mre wxuqryhu
dqg zdjhv wr whvw wkh Ehuwrod dqg Urjhuvrq k|srwkhvlv1 Wkh hv0
wlpdwlrq whfkqltxh lv lqgxvwu| {hg0hhfwv hvwlpdwlrq rq 47 wzr0
gljlw lqgxvwulhv1 Uhvxowv lqglfdwh odujh vhfwru glhuhqfhv uhjduglqj
wkh hhfw ri wkh ghjuhh ri zdjh glvshuvlrq rq mre uhdoorfdwlrq1 Lq
dffrugdqfh zlwk Ehuwrod dqg Urjhuvrq/ wkh hhfw lv srvlwlyh lq
wkh pdqxidfwxulqj vhfwru1 Ixuwkhupruh/ hvwlpdwlqj vhsdudwh uh0
juhvvlrqv iru mre fuhdwlrq dqg mre ghvwuxfwlrq |lhogv d qhjdwlyh dqg
vljqlfdqw hhfw ri zdjh glvshuvlrq rq mre ghvwuxfwlrq dqg dq lq0
vljqlfdqw hhfw rq mre fuhdwlrq1 Wkhvh uhvxowv duh lq dffrugdqfh
zlwk zdjhv ehlqj pruh grzqzdug wkdq xszdug uljlg1
Wkh txdqwlwdwlyh hhfw ri wkh lpsdfw ri zdjh glvshuvlrq rq mre
wxuqryhu lv/ krzhyhu/ uhodwlyho| vpdoo1 D rqh vwdqgdug ghyldwlrq
lqfuhdvh lq zdjh glvshuvlrq uhgxfhv wkh wrwdo mre uhdoorfdwlrq e|
56durxqg 43 shufhqw1 Wklv phdqv wkdw iru Vzhghq/ wkh Ehuwrod
dqg Urjhuvrq k|srwkhvlv fdq qrw h{sodlq lqgxvwu|0yduldwlrq lq mre
uhdoorfdwlrq Wxuqlqj wr wkh qrq0pdqxidfwxulqj vhfwru/ wkh Ehuwrod
dqg Urjhuvrq k|srwkhvlv lv qrw vxssruwhg1
Ixuwkhu uhvxowv lqfoxgh +l, d yhu| vwurqj srvlwlyh hhfw ri wkh
lqgxvwu|0vkduh ri whpsrudu| hpsor|hhv rq mre uhdoorfdwlrq dqg
+ll, d qhjdwlyh uhodwlrqvkls ehwzhhq wkh xvh ri ryhuwlph dqg mre
wxuqryhu1 Wkh odwwhu uhvxow vxjjhvwv wkdw mre uhdoorfdwlrq lv orzhu
lq lqgxvwulhv zkhuh wkh qxpehu ri krxuv zrunhg lv  h{leoh1
Li wkh iudfwlrq ri whpsrudu| hpsor|hhv lv wdnhq dv d sur{|
iru dgmxvwphqw frvwv iru oderu/ wkhq wkh uhvxowv lqglfdwh wkdw wkh
odujhvw sduw ri wkh yduldwlrq lq jurvv mre  rzv lv h{sodlqhg e| gli0
ihuhqfhv lq wkh frvw ri dgmxvwlqj oderu/ udwkhu wkdq e| glhuhqfhv
lq zdjh glvshuvlrq1 Dv pxfk dv 58 shufhqw ri wkh yduldwlrq lq mre
 rzv lv h{sodlqhg e| yduldwlrq lq wkh lqgxvwu|0vkduh ri whpsrudu|
hpsor|phqw1 Wklv uhvxow lv lq dffrugdqfh zlwk Dudl dqg Kh|0
pdq +5335,/ vwuhvvlqj wkh lpsruwdqfh lq glvwlqjxlvklqj ehwzhhq
shupdqhqw dqg whpsrudu| frqwudfwv zkhq vwxg|lqj mre  rzv1
Uhihuhqfhv
Derzg/ M1 Frueho/ S1 dqg Nudpdu}/ I1 +4<<<,1 Wkh Hqwu| dqg
H{lw ri Zrunhuv dqg wkh Jurzwk ri Hpsor|phqw= Dq dqdo0
|vlv ri Iuhqfk Hvwdeolvkphqwv/ Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv ;4/ 4:304;:1
Djhoo/ M1 dqg Oxqgeruj/ S1 +4<<<,1 %Vxuyh| Hylghqfh rq Zdjh
Uljlglw| dqg Xqhpsor|phqw= Vzhghq lq wkh 4<<3=v%/ Zrun0
lqj Sdshu/ <<=5/ R!fh ri Oderu Pdunhw Srolf| Hydoxdwlrq
+LIDX,1
Doedhn/ N1 dqg Vùuhqvhq E1H1 +4<<;,1 %Zrunhu Iorzv dqg Mre
Iorzv lq Gdqlvk Pdqxidfwxulqj/ 4<;304<<4%/ Hfrqrplf Mrxu0
qdo 43;/ 4:8304::41
Dorqvr0Eruuhjr/ F1 +4<<;,1 %Ghpdqg iru Oderu Lqsxwv dqg Dg0
mxvwphqw Frvwv= Hylghqfh iurp Vsdqlvk PdqxidfwxulqjIlupv%/
57Oderu Hfrqrplfv 8/ 7:<07<:1
Dqghuvvrq/ I1 +4<<<,1 %Mre Iorzv lq Vzhglvk Pdqxidfwxulqj
4<:50<9%/ Zrunlqj Sdshu/ <<=7/ R!fh ri Oderu Pdunhw Sro0
lf| Hydoxdwlrq +LIDX,1
Dqghuvrq/ S1 dqg Ph|hu/ E1 +4<<7,1 %Wkh H{whqw dqg Frqvh0
txhqfhv ri Mre Wxuqryhu%/ Eurrnlqjv Sdshuv rq Hfrqrplf
Dfwlylw|= Plfurhfrqrplfv/ qr1 4/ 4::057;1
Dudl/ P1 dqg Kh|pdq I1 +5335,1 %Wkh Lpsdfw ri Whpsrudu|
Frqwudfwv rq Jurvv Mre dqg Zrunhu Iorzv%/ Zrunlqj Sdshu
qr1 7<7/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
Edowdjl/ E1 +4<<8,1 Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd/ Mrkq
Zloh| dqg Vrqv/ Fklfkhvwhu1
Ehuwrod/ J1 +4<<3,1 %Mre Vhfxulw|/ Hpsor|phqw dqg Zdjhv%/ Hx0
urshdq Hfrqrplf Uhylhz 67/ ;840;;91
Ehuwrod/ J1 dqg Urjhuvrq/ U1 +4<<:,1 %Lqvwlwxwlrqv dqg Oderu
Uhdoorfdwlrq%/ Hxurshdq Hfrqrplf Uhylhz 74/ 447:044:41
Ehzoh|/ W1 +4<<;,1 %Zk| qrw fxw sd|B%/ Hxurshdq Hfrqrplf
Uhylhz 75/ 78<07<31
Eodx/ I1 dqg Ndkq/ O1 +4<<9,1 %Lqwhuqdwlrqdo Glhuhqfhv lq Pdoh
Zdjh Lqhtxdolw|= Lqvwlwxwlrqv yhuvxv Pdunhw Irufhv%/ Mrxu0
qdo ri Srolwlfdo Hfrqrp| 437/ :<40;6:1
Erhul/ W1 +4<<9,1 %Lv Mre Wxuqryhu Frxqwhuf|folfdoB%/ Mrxuqdo ri
Oderu Hfrqrplfv 47/ 9360581
Erhul/ W1 +4<<<,1 %Hqirufhphqw ri hpsor|phqw vhfxulw| uhjxod0
wlrqv/ rq0wkh0mre vhdufk dqg xqhpsor|phqw gxudwlrq%/ Hxur0
shdq Hfrqrplf Uhylhz 76/ 980;<1
Fdeudohv/ D1 dqg Krshqkd|q/ K1D1 +4<<:,1 %Oderu Pdunhw Ioh{l0
elolw| dqg Djjuhjdwh Hpsor|phqw Yrodwlolw|%/ Fduqhjlh0Urfkhvwhu
Frqihuhqfh Vhulhv rq Sxeolf Srolf| 79/ 4;<055;1
Gdylv/ V1 dqg Kdowlzdqjhu/ M1 +4<<5,1 %Jurvv Mre Fuhdwlrq/ Jurvv
Mre Ghvwuxfwlrq dqg Hpsor|phqw Uhdoorfdwlrq%/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv 43:/ ;4<0;961
Gdylv/ V1/ Kdowlzdqjhu/ M1 dqg Vfkxk V1 +4<<:,1 Mre Fuhdwlrq dqg
Ghvwuxfwlrq/ PLW Suhvv/ Fdpeulgjh/ PD1
58Gdylv/ V1 dqg Kdowlzdqjhu/ M1 +4<<<,1 %Jurvv Mre Iorzv%/ lq=
Dvkhqihoohu/ R1 dqg Fdug/ G1/hgv1/ Kdqgerrn ri Oderu Hfr0
qrplfv/ HovhylhuVflhqfh E1Y1/ Dpvwhugdp/ Wkh Qhwkhuodqgv1
Gxqqh/ W1/ Urehuwv P1 dqg Vdpxhovrq/ O1 +4<;<,1 %Hvwdeolvkphqw
Wxuqryhu dqg Jurvv Hpsor|phqw Iorzv lq wkh XV Pdqxidf0
wxulqj Vhfwru%/ Mrxuqdo ri Oderu Hfrqrplfv :/ 7;0:41
Hglq/ S0D1 dqg Kropoxqg/ E1 +4<<5,1 %Wkh Vzhglvk Zdjh Vwuxf0
wxuh= Wkh Ulvh dqg Idoo ri Vrolgdulw| Zdjh Srolf|B%/ Zrunlqj
Sdshu/ 4<<5=46/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhu0
vlw|1
Jrx{/ G1/ Pdxulq/ H1 dqg Sdxfkhw/ P1 +5334,1 %Il{hg0Whup Frq0
wudfwv dqg wkh G|qdplfv ri Oderxu Ghpdqg%/ Hxurshdq Hfr0
qrplf Uhylhz 78/ 86608851
Kdphuphvk/ G1/ Kdvvlqn/ Z1 dqg ydq Rxuv/ M1 +4<<9,1 %Mre
Wxuqryhu dqg Oderu Wxuqryhu= D Wd{rqrp| ri Hpsor|phqw
G|qdplfv%/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 74275/ 540
731
Kleev/ G1 dqg Orfnlqj/ K1 +5333,1 %Zdjh Glvshuvlrq dqg Sur0
gxfwlyh H!flhqf|= Hylghqfh iru Vzhghq%/ Mrxuqdo ri Oderu
Hfrqrplfv 4;/ :880:;51
Kropoxqg/ E1 dqg Vwruulh/ G1 +5335,1 %Whpsrudu| Zrun lq Wxu0
exohqw Wlphv= Wkh Vzhglvk H{shulhqfh%/ Zrunlqj Sdshu/
5335=4/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|1
Odqh/ M1/ Vwhyhqv/ G1 dqg Exujhvv/ V1 +4<<9,1 %Zrunhu dqg Mre
 rzv%/ Hfrqrplfv Ohwwhuv 84/ 43<04461
Ohrqdug/ M1 +4<;:,1 %Lq wkh Zurqj Sodfh dw wkh Zurqj Wlph=
Wkh h{whqw ri Iulfwlrqdo dqg Vwuxfwxudo Xqhpsor|phqw%/ lq=
Odqj/ N1 dqg Ohrqdug/ M1/ hgv1/ Xqhpsor|phqw dqg wkh Vwuxf0
wxuh ri Oderu Pdunhwv/ Edvlo Eodfnzhoo/ Qhz \run1
Prhqh/ N0R dqg Zdoohuvwhlq/ P1 +4<<:,1 %Sd| Lqhtxdolw|%/ Mrxu0
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Table A1. Descriptive statistics. 14 industries, 1992:3–1999:2. 
 
Real Wage 






























Banking:    Mean  74.75  19954  0.15  0.23  0.23  1.44  1.64  1,64  0.03  0.07 
                   STD    5.24    1463  0.03  0.02  0.02  0.08  0.09  0,09  0.01  0.02 
Construct.: Mean  92.80  19087  0.11  0.16  0.13  1.28  1.46  1,34  0.02  0.11 
                   STD    4.31     894  0.01  0.01  0.01  0.03  0.03  0,02  0.00  0.03 
Electr. Etc.:Mean  92.23  18189  0.11  0.12  0.12  1.28  1.30  1,29  0.04  0.04 
                    STD    5.98   1141  0.02  0.02  0.02  0.05  0.03  0,03  0.01  0.02 
Real Estate:Mean  79.41  18072  0.12  0.19  0.16  1.33  1.42  1,38  0.02  0.12 
                    STD    5.35      876  0.02  0.02  0.01  0.05  0.06  0,04  0.00  0.02 
Food:         Mean  85.21  18276  0.11  0.17  0.13  1.32  1.39  1,35  0.03  0.15 
                   STD    5.17   1502  0.01  0.03  0.01  0.04  0.05  0,04  0.00  0.03 
Hotel-Res.:Mean  72.21  16787  0.13  0.15  0.13  1.36  1.39  1,37  0.01  0.28 
                   STD    3.23     915  0.02  0.03  0.02  0.06  0.06  0,05  0.01  0.04 
Chemistry: Mean  90.74  20099  0.13  0.14  0.14  1.37  1.38  1,38  0.04  0.06 
                    STD    6.41    1633  0.01  0.01  0.01  0.03  0.05  0,04  0.00  0.01 
Machinery:Mean  88.80  19537  0.12  0.16  0.13  1.32  1.37  1,35  0.04  0.05 
                    STD    5.94   1457  0.01  0.01  0.01  0.03  0.05  0,04  0.01  0.01 
Mining:     Mean  106.34  19301  0.13  0.13  0.13  1.37  1.40  1,38  0.06  0.08 
                   STD    7.61    1480  0.01  0.03  0.01  0.04  0.07  0,04  0.01  0.04 
Oth. Serv.: Mean  80.67  17990  0.18  0.22  0.22  1.50  1.71  1,68  0.02  0.14 
                   STD    4.25    1156  0.02  0.01  0.01  0.03  0.04  0,04  0.00  0.01 
Textile:      Mean  76.61  17483  0.12  0.16  0.13  1.30  1.48  1,35  0.02  0.04 
                   STD    4.85      953  0.01  0.01  0.01  0.03  0.06  0,02  0.00  0.01 
Trade:        Mean  80.08  17820  0.13  0.20  0.17  1.33  1.55  1,46  0.02  0.12 
                   STD    5.23    1133  0.01  0.01  0.01  0.02  0.03  0,03  0.00  0.01 
Transport:  Mean  87.86  16718  0.16  0.19  0.17  1.37  1.47  1,42  0.04  0.12 
                   STD    5.98    1384  0.02  0.02  0.01  0.03  0.04  0,03  0.01  0.02 
Wood etc.: Mean  96.14  18413  0.17  0.18  0.17  1.49  1.42  1,46  0.04  0.06 
                   STD    6.82    1533  0.01  0.02  0.01  0.05  0.07  0,05  0.00  0.01 
                     
Manufact.: Mean  90.64  18851  0.13  0.15  0.14  1.36  1.41  1.38  0.04  0.07 
                   STD   11.06    1672  0.02  0.03  0.02  0.07  0.07  0.06  0.01  0.04 
Nonmanu.:Mean  82.50  18077  0.14  0.18  0.17  1.36  1.49  1.45  0.03  0.12 
                   STD    8.75   1510  0.03  0.04  0.04  0.08  0.14  0.14  0.01  0.07 
 
 
Table A2. Descriptive statistics. Quarterly gross job flow rates, 1992:3–1999:2. 
        Job 
Creation 
      Job 
Destruction 
       Job 
Reallocation 
Net Empl. 
  Change 
Private sector  Mean  0.04  0.04  0.08  -0.01 
  STD  0.02  0.03  0.04   0.01 
Manufacturing  Mean  0.03  0.03  0.06  -0.01 
  STD  0.02  0.02  0.02   0.01 
Non-manufacturing  Mean  0.05  0.05  0.10   0.00 
  STD  0.03  0.03  0.04   0.01 
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